Conventional (typical) antipsychotics are thought to be associated with the development of breast cancer (BC) due to their dopamine-antagonistic effects that lead to increased circulating prolactin. Atypical antipsychotics, particularly risperidone and paliperidone may also increase prolactin secretion. We investigated whether risperidone use was associated with an increased BC risk by estimating the incidence of BC in users of risperidone, other atypical antipsychotics, and conventional antipsychotics. Methods This retrospective cohort study used data from Taiwan's Nation Health Insurance Research Database (NHIRD) which captures claims from mandatory universal health insurance in Taiwan. All women aged ≥18 years who initiated treatment with any antipsychotic between July 2000-December 2011 were identified in the database. BC was identified from the NHIRD Registry of Catastrophic Illness and Taiwan Cancer Registry. Cox proportional hazards models were used to adjust for potential confounders and compare BC incidence among the three antipsychotic exposure groups. Results There were 233,237 women included in the total cohort analysis. The mean follow-up period was 3.34-5.56 years. Crude incidence rates of BC were 123.1 per 100,000 person-years in the risperidone group, 135.7 per 100,000 person-years in the other atypical group and 149.8 per 100,000 person-years in the typical group. The adjusted hazard ratio was 1.13 (95%CI 0.98-1.29) and 1.07 (95%CI 0.95-1.22) comparing the other atypical and the typical groups, respectively with the risperidone group. Conclusion There is no evidence of an increased risk of BC associated with risperidone compared to other atypical or conventional antipsychotics.
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Taiwan. The NHIRD offers a comprehensive set of patient and clinical information, including demographic data, diagnostic codes, dates and types and procedures, dispensed prescription drugs, of expenditures. The National Health Insurance Bureau of Taiwan randomly reviews the charts of one per 100 ambulatory, and one per 20 inpatient claim cases, and interviews patients to verify the accuracy of the diagnosis [17] [18] [19] . All personally identifiable information is encrypted to protect patient privacy. A separate subset of the NHIRD is the Registry of Catastrophic Illness (NHIRD-RCI). Insured patients who suffer from certain major diseases can apply for a catastrophic illness certificate which grants exemption from all copayments. Cancers are statutorily included in the catastrophic illness category. To apply for a cancer catastrophic illness certificate, cytological or pathological reports or evidence supporting the diagnosis of malignancy is required. Records from this database were used to identify cancer diagnoses.
Study population
Individuals with exposure to an antipsychotic between July 2000 and December 2011 were identified by the presence of an antipsychotic prescription/dispensing record in the NHIRD classified as risperidone, any other atypical antipsychotic (except paliperidone), or a conventional antipsychotic using the Anatomical Therapeutic Chemical classification (Appendix). Exposure index date was defined as the first (i.e. the earliest) prescription followed by at least another prescription of the same antipsychotic drug within 90 days, and with no other antipsychotics between the two dispensings. The date of the second dispensing among the earliest pair of consecutive prescriptions in the databases was set as the exposure index date. Eligible study subjects were women ≤ 18 years of age on the exposure index date. Study follow-up started 365 days after the exposure index date. To exclude prevalent BC cases, patients with a diagnosis of BC prior to the exposure index date or within 365 days after the exposure index date were excluded from the study population. Additional inclusion criteria were having lived or immigrated to Taiwan for at least 6 months prior to the start of exposure (i.e. the first dispensing of the qualifying antipsychotic pair), and having remained in the database for at least 365 days after the exposure index date. Individuals were excluded if they had a record of malignancy (other than non-melanoma skin cancer) any
Introduction
Breast cancer (BC) is the most commonly diagnosed cancer in women and accounts for approximately 25% of all female cancers [1] . In Taiwan, BC is also one of the most common cancers and the fourth leading cause of cancer death in women [2] . Between 1997 and 2013, the incidence of BC in Taiwan increased from 52.3 to 93.0 per 100,000 person-years, and the median age at diagnosis was 52.6 years [3] .
More than 95% of BC display overexpression of the prolactin receptor, and genes that are activated by this receptor are associated with tumorigenesis and cancer cell proliferation. Nevertheless, while some epidemiological studies suggest a possible link between circulating prolactin levels and increased BC risk [4] [5] [6] [7] [8] [9] , such results have not been consistently observed and the link between prolactin and the pathogenesis of BC remains controversial [10] .
Antipsychotic drugs are the most common cause of pharmacologically-induced hyperprolactinemia. Most antipsychotic drugs are dopamine type 2 receptor antagonists which may result in raised circulating prolactin levels [11] . Retrospective cohort studies exploring the effect of antipsychotic drugs on BC risk have produced disparate results. Studies conducted in Sweden and the United Kingdom (UK) showed no increased risk of BC in women using risperidone compared to other antipsychotics [12, 13] , whereas a study in the United States (US) showed a 16% increase in BC in users compared to non-users of dopamine antagonists including antipsychotics, with a dose-response relationship between larger cumulative dosages and greater risk [14] . Risperidone is known to elevate prolactin more often and to a greater degree than other atypical antipsychotic drugs [15, 16] . We applied the same research protocol employed by Reutfors et al. [13] in Sweden to study long-term risperidone exposure and the risk of BC in Taiwan.
Methods

Data source
The NHIRD is a large, representative, population-based claims database provided by the Taiwan National Health Research Institute [17] . The National Health Insurance program was implemented in March 1995, and provides mandatory universal health insurance for approximately 99% of >23 million people in Risperidone Exposure and Breast Cancer Risk: A Cohort Study Using the Taiwan National Health Insurance Research Database time prior to the start of follow-up (365 days after the exposure index date), or if they had ever received a prescription for paliperidone.
Exposure group assignment
We divided exposed subjects into risperidone, other atypical and typical antipsychotic drug groups. The exposure groups were assigned in the following hierarchical order: women with risperidone prescriptions were assessed for eligibility to be included in the risperidone cohort; if not eligible (due to no records of risperidone prescriptions or due to failing other eligibility criteria), women with any other atypical antipsychotic drug prescriptions were assessed for eligibility for the other atypical antipsychotic cohort. If not eligible, remaining women were assessed for eligibility for inclusion in the typical antipsychotic cohort. Exposed individuals had no previous prescription record for the specified antipsychotic prior to the first dispensation.
Breast cancer case ascertainment
The Taiwan NHIRD-RCI and the Taiwan Cancer Registry (TCR) are considered accurate and specific for cancer diagnosis given that both sources require pathologic/histology verification. The primary study endpoint was a BC diagnosis (the earliest date of record) identified from the TCR annual report, and/or the NHIRD-RCI.
Study follow-up
All women included in the study were followed over time for the occurrence of incident BC. There were two follow-up approaches: the total cohort follow-up period extended from 365 days following the exposure index date until occurrence of BC, emigration, death, or end of the study period (31 st December 2012), whichever occurred first. The active treatment follow-up time extended from 365 days following the exposure index date until discontinuation of the initial treatment regimen + 365 days, occurrence of BC, disenrollment from the database, or end of the study period, whichever occurred first. A gap of 1 year or more was considered as discontinuation of a treatment regimen, with the actual date of treatment discontinuation defined as the date of the last received prescription plus days of drug supply.
Comorbidity profile
The presence of comorbidities prior to the exposure index date was investigated based on all available history records in the NHIRD using International Classification of Diseases, 9th Revision Clinical Modification and 10 th Revision codes (ICD-9-CM/ICD-10). The prevalence of benign breast disorders as well as the following potentially prolactin-elevating somatic conditions (within 6 months prior to exposure index date) was also assessed: acromegaly, pituitary hyperfunction (including druginduced hyperprolactinemia), hypothyroidism, sarcoidosis, liver cirrhosis, chronic renal failure, Cushing's disease, and polycystic ovary syndrome.
Statistical analyses
BC incidence rates were estimated using persontime of the total cohort follow-up, as well as the person-time of active treatment exposure followup, for each of the three antipsychotic drug exposure cohorts. Incidence rates were reported as number of cases per 100,000 person-years. BC incidence rates were compared between other atypical antipsychotics and risperidone groups or conventional antipsychotics and risperidone groups using Cox proportional hazards regression models. Covariates (including age, index year, psychiatric diagnosis, medical service use situation, BC-associated physical illnesses, prolactin-elevating medications, mammography) were only retained in the final Cox regression model if their inclusion in a model containing the single covariate and the antipsychotic exposure variable changed the hazard ratio (HR) for the antipsychotic exposure variable by 10% or more, relative to the unadjusted HR for antipsychotic exposure (i.e., adjusted HR/unadjusted HR is either >1.10 or <0.90) [20] .
To account for cases of BC possibly missed in either the TCR or NHIRD-RCI, we conducted a sensitivity analysis to additionally include BC diagnosed from NHIRD inpatient records. That is, the sensitivity analysis identified BC cases from any one or more of the following three sources: TCR, NHIRD-RCI, or NHIRD inpatient diagnoses.
We also estimated BC incidence rates for newly treated patients, defined as those patients having no prescription record for any antipsychotic in the six months prior to the first identified index treatment of each exposure group.
Data management and analyses were conducted using SAS software, Version 9.3 (SAS Institute Inc., Cary, NC, USA).
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Results
Characteristics of study subjects
There were approximately 9.3 million women aged ≥ 18 years in Taiwan over the study period [21] . During the 11.5-year study period, 233,237 women were included in the total study cohort: there were 72,561 (0.8%) eligible women included in the risperidone group, 84,668 (0.9%) included in the other atypical antipsychotics group, and 76,008 (0.8%) included in the typical antipsychotics group (Figure 1) . The mean age of women was 54.4 years in the risperidone group, 57.0 years in the other atypical group, and 53.0 years in the typical group ( Table 1) . The risperidone group appeared to have a higher proportion of younger women (30.4% were aged 18-39 years versus 26.4% and 27.1% in the other atypical and typical groups, respectively), whereas the other atypical group appeared to have a higher proportion of older women (36.9% were aged ≥ 70 years versus 31.9% in the risperidone group and 23.7% in the typical group).
'Neurotic stress related or somatoform disorder' was the most common psychiatric diagnosis for all three groups (65%-75%) based on all available history in the database ( Table 1) . The second most common diagnoses were 'schizophrenia' for the risperidone group (48.4% of women), and 'major depression' for the other atypical and typical groups (39.7% and 16.7%, respectively).
The highest proportion of women who had received inpatient psychiatric care within 180 days prior to the first prescription was in the risperidone group (16.0% versus 8.1% in the other atypical group and 3.4% in the typical group) ( Table 2 ). The other atypical group had the highest proportion of women who had received inpatient care for somatic symptoms within 180 days prior to the first prescription (25.1% vs. 19.2% in the risperidone group and 17.1% in the typical group. Most of the risperidone and other atypical subjects had a psychiatric diagnosis (92.2% and 89.9% respectively), compared with 48.9% of those in the typical group. Higher rates of benign breast neoplasm were observed in the other atypical and typical groups (0.7% in each cohort) than the risperidone group (0.4%). Although medical and medication use 180 days prior to the index exposure differed between the three groups, most of these variables were not confounders for BC risk. Of the covariates tested, all factors except age were excluded from the Cox regression model using the 10% change-in-estimate rule of confounder screening. Women in the typical group were more likely to have index antipsychotic drug exposure in the early years of the study (mean total cohort follow-up period of 5.56 years), whereas women in the other atypical cohort were more likely to be included in the final years of the study (mean total cohort follow-up of 3.34 years) (Tables 1 and 3 ).
BC incidence and risk estimates
During the total cohort follow-up period, there were a total of 1,449 cases of BC identified in the study cohort from the TCR annual report and/ or NHIRD-RCI (Table 3 ). The rate of incident BC (total cohort follow-up period) was 123.1 per 100,000 person-years in the risperidone group, 135.7 per 100,000 person-years in the other atypical group and 149.8 per 100,000 personyears in the typical group (Table 4) . From the crude (i.e., unadjusted) Cox regression model, the typical group had a significantly higher BC Index year: the year of the exposure index date (the earliest prescription followed by at least another prescription of the same antipsychotic drug within 90 days). After adjustment for age, the HR comparing the typical antipsychotic group to the risperidone group was no longer significant (HR 1.07, 95% CI =0.95-1.22). The adjusted HR for the other atypical antipsychotic group versus the risperidone group was 1.13, (95% CI=0.98-1.29).
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Results from the active treatment cohort followup period (time on drug) were similar to those of the total cohort follow-up (Table 4 ). In the active treatment analysis, the rate of incident BC was 121.0 per 10,000 person-years in the risperidone group, 117.0 per 100,000 personyears in the other atypical group, and 157.3 per 10,000 person-years in the typical group. There were no significant differences among the three groups based on the HR estimates after adjustment for age.
Sensitivity analyses
Among the subgroup of women who were newly treated with antipsychotic drugs (i.e., no prescriptions for any antipsychotic during the 6 months prior to index exposure), the rates of incident BC were 123.2 per 100,000 personyears, 135.5 per 100,000 person-years, and 153.1 per 100,000 person-years, for the risperidone, other atypical and typical groups, respectively. There were no significant differences among the three groups based on the HR estimates after adjustment for age ( Table 4) .
The results adjusted for age remained similar when we included BC cases identified by inpatient diagnosis (n=1526) in addition to the 1,449 cases identified by the TCR and/or NHIRD-RCI ( Table 4) .
Discussion
Using a population-based retrospective cohort approach, we found no increased risk of BC among women using risperidone compared to women using other antipsychotic drugs in Taiwan. While the unadjusted rate of incident BC was observed to be higher in women using typical antipsychotics, there was no statistically significant increased risk after adjustment for age. The consistency of the results across the different sensitivity analyses confirms the robustness of the study results.
Age is a well-recognized risk factor for BC [22] , and we observed differences in the age Research Frank Huang-Chih Chou distribution of women included in each of the three groups, with almost half of all women in the typical group (49.20%) aged between 40-69 years, versus 37.79% and 36.69% in the risperidone and other atypical groups. In Taiwan, BC incidence rates increase markedly after 49 years of age [3] , and the disparity in age distribution between groups may have caused the difference in BC incidence rates in the crude analysis.
A higher percentage of women in the risperidone group had a recent mammogram and a diagnosis of schizophrenia, which may be associated with a lower risk of cancer [23] , and a lower proportion had benign breast neoplasms, baseline hyperprolactinemia, or were taking prolactin-elevating medications: all of which may have influenced the risk of BC in this group. However, none of these factors were retained in the Cox regression model for BC risk based on the 10% change-in-estimate rule of confounder screening.
Risperidone has been marketed in Taiwan since 2000, other atypical antipsychotics since 2008, whereas typical antipsychotic drugs have been available for decades. In our study, the typical group had the longest total person-years of follow-up time, but the shortest active treatment follow-up time. This may reflect the higher percentage of women in this group who had no psychiatric diagnosis, reflecting widespread use of sulpiride, an antipsychotic commonly used to treat gastrointestinal conditions in Taiwan. Alternatively, patients who were initiated on typical antipsychotics may have been more likely to have had their medication changed during the study. By contrast, the risperidone group had the longest active treatment follow-up time, possibly reflecting a positive benefit and more acceptable side-effect profile than other antipsychotics.
In 2013, the estimated incidence of BC in Taiwan was 93 per 100,000 person-years [3] . Our study found that the incidence of BC among women having antipsychotics was 30%-70% higher than that reported in the general population. This finding should be interpreted with caution given that patients exposed to antipsychotics receive more healthcare services and BC is more likely to be detected earlier than in the general population. This detection bias may contribute to the higher incidence rate of BC; however, a similar trend was observed in a large retrospective US study which found a 16% increase in BC among users of antipsychotics [14] . On the other hand, there have been numerous studies that have not shown associations between BC risk and antipsychotic use, and no causal association has been identified [10] . Consistent with our results, cohort studies conducted in the UK and Sweden observed no increased BC risk in risperidone users, and an apparent increased risk associated with typical [12, 13] . Our study had a longer follow-up period compared to the Swedish study that used the same protocol (2.4-2.8 years versus 3.3-5.6 years), and we were able to include a substantially larger sample size compared to either the UK or Swedish studies. Our results build on these previous studies and provide additional evidence supporting that risperidone use is not associated with an increased risk of BC.
Strengths of the study include the use of large, nationally-representative data from the NHIRD, in which more than 98% of Taiwan's population is enrolled. While previous studies comparing the risk of BC between users versus non-users of antipsychotics may have been confounded by the presence of underlying disease, the NHIRD made it possible to compare the BC risk accounting for other medical conditions or medications that are associated with elevated prolactin.
A potential study limitation is that women who were included in one exposure group may have switched their antipsychotic drug during the follow-up period. We accounted for possible changes in treatment by evaluating the active treatment follow-up period as well as the total follow-up period. Similar results in both analyses suggest that changes to antipsychotic treatment had little impact on the results, and support the robustness of the conclusion.
Another study limitation is that several BC risk factors, such as excessive alcohol use, obesity, the presence of non-alcoholic fatty liver disease, and smoking status, were not included in this study, and potential differences between the study groups in terms of these risk factors may have influenced cancer risk. Finally, we did not assess the impact of dose or exposure time on BC risk, although previous studies of potential dose-relationships between antipsychotic use and BC risk have given conflicting results [12, 14] .
Conclusion
In this large retrospective cohort study, we found no evidence for an increased risk of BC among women using risperidone versus other antipsychotics. These results are consistent with the findings of previous studies, and provide reassurance for women requiring antipsychotic medication and prescribers of these drugs.
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